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5HFHQWVWXGLHVXQGHUWDNHQE\6WDQWRQDQG6DOPRQDEDQG6XQHWDOPHQWLRQHGWKDW
DERXWWRRIFUDVKHVDUHUHODWHGWRRQHRUPRUHGULYHUHUURUVDVVRFLDWHGZLWKSRRUFRPSHWHQFHDQG
LPSURSHUSHUIRUPDQFHVE\GULYHUV$UFKHUDQG.RVRQHQREVHUYHGWKDWGULYHUVGRPDNHRQHGULYLQJ
HUURUHYHU\PLQXWHRUHYHU\NPRIGULYLQJGLVWDQFHZKLOHWUDYHOOLQJDWNPKU+DUYH\HWDO
GHILQHGGULYHUHUURUDV³«DQ\DFWLRQRUODFNRIDFWLRQE\GULYHUWKDWZRXOGUHTXLUHWKHPWRLPSOHPHQWD
FRUUHFWLRQ LQ RUGHU WR PDNH WKH VLWXDWLRQ VDIH DJDLQ´ 7KH PRVW FRPPRQ GULYHU HUURUV ZLWK VHYHUH
FRQVHTXHQFHV LQFOXGH VSHHGLQJ FORVH IROORZLQJ DEUXSW ODQHFKDQJLQJ DQG LPSDLUHG GULYLQJ GXH WR
LOOQHVVHVVOHHSGHSULYDWLRQDJLQJLQIOXHQFHRIDOFRKRODQGGUXJV2WKHUGULYHUHUURUVLQFOXGHLQWHUQDODQG
H[WHUQDO GLVWUDFWLRQV FDUHOHVVQHVV DQG UHFNOHVVQHVV YLRODWLQJ WUDIILF VLJQV IDOVH DVVXPSWLRQ RI RWKHUV
DFWLRQVDQGWKHOLNH:LWKDGYDQFHVLQWHFKQRORJ\DQGWHOHPDWLFVLWLVQRZWHFKQLFDOO\SRVVLEOHWRGHWHFW
VRPH VRUW RI GULYHU HUURUV DQG DVVLVW GULYHUV LQ WDNLQJ WKH DSSURSULDWH FRXQWHUDFWLRQV %URRNKXLV HW DO
%HUJDVDHWDO-LHWDO5DXFKHWDO6WDQWRQDQG6DOPRQDE)RU
H[DPSOH 6WDQWRQ DQG 6DOPRQ D E VXJJHVWHG WKH XVH RI LQWHOOLJHQW WUDQVSRUWDWLRQ V\VWHPV
,76DVDSRWHQWLDO VROXWLRQ WRGULYHUHUURUVHLWKHU WRSUHYHQWRUPLWLJDWH WKH UHVXOWLQJ LPSDFWV7DNLQJ
DGYDQWDJH RI WKHVH WHFKQRORJ\ IRU PRQLWRULQJ WKH FRPSHWHQFH DQG OHYHO RI SHUIRUPDQFH RI LQGLYLGXDO
GULYHUV FDQ SURYLGH WKH XOWLPDWH VWDQG LQ WKH FRPEDW DJDLQVW FUDVKHV DQG IDWDOLWLHV DULVLQJ IURP GULYHU
HUURUVRULOOSHUIRUPDQFHV
7KH GULYLQJ WDVN RI D GULYHU GRHV QRW FRQWLQXDOO\ NHHS WKH VDPH GHJUHH RI GLIILFXOW\ QRU GRHV WKH
GULYHU¶V FRPSHWHQFH DQG OHYHO RI SHUIRUPDQFH PDLQWDLQ SHUVLVWHQF\ 5RDG W\SH WUDIILF HQYLURQPHQW
GULYHU¶VSK\VLFDOFRQGLWLRQVDQGPHQWDOORDGDUHVRPHRIWKHIDFWRUVWKDWLQIOXHQFHWKHSHUIRUPDQFHRID
GULYHU7KLVSDSHUVXJJHVWVWKHXVHRIGULYHUFRPSHWHQFHDQGOHYHORISHUIRUPDQFHDVDQDGGLWLRQDOWUDIILF
PDQDJHPHQWFULWHULRQWRUHGXFHWKHFRPPRQIRUPVRIGULYHUHUURUV8QOLNHWKHPDFURVFRSLFDJJUHJDWHG
WUDIILFPDQDJHPHQW VWUDWHJLHVZKLFKFRUUHVSRQG WRQHWZRUNZLGHVFKHPHVHJ VHWWLQJPD[LPXPVSHHG
OLPLWV DQG LPSOHPHQWDWLRQ RIPHDVXUHV OLNH WROOV DQG FRQJHVWLRQ SULFLQJ WKH GLVDJJUHJDWHG DQG GULYHU
SHUIRUPDQFHUHVSRQVLYH WUDIILF PDQDJHPHQW LV IRFXVHG DW D OHYHO RI LQGLYLGXDO GULYHUV 7KLV SDSHU
GLVFXVVHV WKH QHHG IRU WUDQVLWLRQ IURP PDFURVFRSLF WUDIILF PDQDJHPHQW LQWR PLFURVFRSLF WUDIILF
PDQDJHPHQW VWUDWHJLHV DQG SUHVHQWV LWV SRWHQWLDO EHQHILWV RQ PRWRUZD\V VDIHW\ DQG WUDIILF RSHUDWLRQV
9,66,0PLFURVFRSLFWUDIILFVLPXODWLRQDQG6XUURJDWH6DIHW\$VVHVVPHQW0RGHO66$0DUHHPSOR\HGLQ
WKH UHVHDUFKZRUN7KHSRWHQWLDO XVHRI ,76 IRU GHWHFWLQJ DQG FRUUHFWLQJGULYHU HUURUV LV DOVR H[SORUHG
+RZHYHULWKDVWREHQRWHGWKDWWKLVUHVHDUFKZRUNLVOLPLWHGWRWKHPRVWVHULRXVGULYHUHUURUVRQGHFLVLRQ
PDNLQJDQGPDQRHXYUHH[HFXWLRQQDPHO\VSHHGLQJFORVHIROORZLQJDEUXSWODQHFKDQJLQJDQGLPSDLUHG
GULYLQJ
7KHVWUXFWXUHRI WKLVSDSHU LVDV IROORZV$IWHUDJHQHUDORYHUYLHZRI WKH WKHPHLGHDRI WKHUHVHDUFK
ZRUN UHYLHZRI WKH OLWHUDWXUHRQFRPPRQGULYHUHUURUV WKHLU LPSDFWVDQG WHFKQRORJLFDOGHYLFHV IRU LWV
GHWHFWLRQ DQG FRUUHFWLRQ DUH SUHVHQWHG $IWHUZDUGV WKH FUHGLELOLW\ RI WKH DGRSWHG PHWKRGRORJ\ RI WKH
UHVHDUFKLVGLVFXVVHG)LQDOO\FRQFOXVLRQVDQGIXWXUHZRUNVDUHSUHVHQWHGIROORZLQJWKHH[DPLQDWLRQRI
UHVXOWV LQ FUDVK UHGXFWLRQV DQG WKH FRQVHTXHQW LPSURYHPHQW RQ WUDIILF RSHUDWLRQV IURP WKH SURSRVHG
PDQDJHPHQWVWUDWHJ\
 /LWHUDWXUHUHYLHZ
 &RPPRQGULYHUHUURUVWKHLULPSDFWDQGWHFKQRORJLFDOGHYLFHVIRUWKHLUGHWHFWLRQDQGFRUUHFWLRQ
$FFRUGLQJ WR +XWDEDUDW HW DO  WKH WDVN RI GULYLQJ LQYROYHV D FRPSOH[ LQWHUDFWLRQ EHWZHHQ
KXPDQ IDFWRUV DQG V\VWHP UHVSRQVH ZLWK WKH VHTXHQFH RI SUREOHP UHFRJQLWLRQ GHFLVLRQ PDNLQJ DQG
H[HFXWLRQRIDPDQRHXYUH WKRXJKLW LVGLIILFXOW WRSLQSRLQWWKHERXQGDULHV$QHUURULQRQHRUPRUHRI
WKHVHVWHSVUHVXOWVLQWRDVLWXDWLRQRIDFUDVKRUDQHDUFUDVK3UREOHPUHFRJQLWLRQHUURUVLQYROYHIDLOXUHWR
\LHOG D VWRS VLJQ GHOD\ LQ SUREOHP UHFRJQLWLRQ LQDWWHQWLRQ DQG GLVWUDFWLRQV 'HFLVLRQ HUURUV DUH OLNH
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H[FHVVLYH VSHHG LPSURSHU PDQRHXYUH WDLOJDWLQJ PLVMXGJHPHQW RI GLVWDQFH RU FORVXUH DQG H[FHVVLYH
DFFHOHUDWLRQ([HFXWLRQHUURUV LQFOXGHHYDVLYHDFWLRQV LQDGHTXDWHGLUHFWLRQDOFRQWUROSDQLFRU IUHH]LQJ
0RUHRYHU+XWDEDUDWHWDOPHQWLRQHGWKDWVRPHRIWKHIDFWRUVWKDWSURPRWHGULYHUHUURUVDUHLQDGHTXDWH
H[SHULHQFH DQG VNLOOV LPSDLUPHQWV DQGZLOIXOO\ LQDSSURSULDWH DFWLRQV OLNH DJJUHVVLYH GULYLQJ DQG URDG
UDJH
$FFRUGLQJWRHVWLPDWHVPDGHE\%DOGRFNHWDORIURDGFUDVKHVZHUHUHDUHQGFROOLVLRQV
DVVRFLDWHGZLWKIROORZLQJFORVHO\RUZKDWLVNQRZQDVWDLOJDWLQJ&ORVHIROORZLQJLVDSKHQRPHQRQZHUH
WKHWLPHKHDGZD\RIDYHKLFOHLVOHVVWKDQWKHVDIHLQWHUYDOXVXDOO\VHFRQGV&ORVHIROORZLQJLVXVXDOO\
PRWLYDWHGE\IDLOXUHLQMXGJHPHQWRIWKHVSHHGGLIIHUHQFHEHWZHHQRZQDQGWKHSUHFHGLQJYHKLFOHDVZHOO
DVRYHUFRQILGHQFHLQRQHVGULYLQJVNLOOV$VDUHVXOWWKHGULYHUGRHVQ¶WKDYHHQRXJKWLPHWRUHDFWWRDQ\
GLVWXUEDQFHV LQ WKH WUDIILF VWUHDP 6WDQWRQ DQG 6DOPRQ D E VXJJHVWHG WKH XVH RI DGDSWLYH
FUXLVHFRQWURODQGEUDNHDVVLVWWRKHOSGULYHUVDYRLGWKHGHFLVLRQHUURURIFORVHIROORZLQJ
6SHHGLQJLVDFRPPRQGULYLQJHUURUZKLFKLQFOXGHVGULYLQJDERYHWKHVSHHGOLPLWDQGDOVRGULYLQJWRR
IDVWIRUWKHSUHYDLOLQJWUDIILFRUZHDWKHUFRQGLWLRQV/LXHWDOPHQWLRQHGWKDWDERXWRQHWKLUGRIDOO
IDWDOLWLHVDUHUHODWHGWRVSHHGLQJ$FFRUGLQJWR$DUWVDQG6FKDJHQVSHHGLQJLVKLJKO\FRUUHODWHGWR
ERWKWKHULVNRIEHLQJLQYROYHGLQDFUDVKDQGVHYHULW\RIWKHUHVXOWLQJFUDVK7KLVLVEHFDXVHWKHDYDLODEOH
WLPHWRUHDFWDJDLQVWWKHFUDVKLPSHQGLQJVLWXDWLRQLVOHVVORQJHUEUDNLQJGLVWDQFHLVUHTXLUHGDQGKLJKHU
WKH LPSDFW RI UHVXOWLQJ FROOLVLRQ LV 1LOVVRQ  GHPRQVWUDWHG DQ H[SRQHQWLDO UHODWLRQ EHWZHHQ
VSHHGLQJDQGFUDVKLQYROYHPHQWVZKLFKLVFRPPRQO\UHIHUUHGDVWKHµ3RZHU0RGHO¶6WDQWRQDQG6DOPRQ
D E UHFRPPHQGHG XVH RI DGDSWLYH FUXLVH FRQWURO LQWHOOLJHQW VSHHG DGDSWDWLRQ V\VWHPV DQG
VSHHGFRQWUROGHYLFHVDVWHFKQRORJLFDOFRXQWHUPHDVXUHV WRVSHHGLQJ,QDVLPXODWLRQEDVHGVWXG\RQWKH
EHQHILWV RI DFWLYH VSHHG OLPLWHUV7ROHGR HW DO KDYHGHPRQVWUDWHG WKHLU XVHIXOQHVV LQ LPSURYLQJ
VDIHW\DQGHIILFLHQF\RIPRWRUZD\WUDIILF
$FFRUGLQJWR&KRYDQHWDODODQHFKDQJHFUDVKLVDQHYHQWZKHQDYHKLFOHVWULNHVRULVVWUXFN
E\ DQRWKHU YHKLFOH LQ WKH DGMDFHQW ODQH 7KH SURFHVV RI ODQHFKDQJLQJ UHTXLUHV VLPXOWDQHRXV DQG
FRRUGLQDWHGH[HFXWLRQRIVHYHUDOVNLOOVOLNHFKHFNLQJVLGHDQGUHDUPLUURUVFRQWUROOLQJVSHHGDQGGLUHFWLRQ
RIYHKLFOHDVZHOODVHVWLPDWLQJWKHJDSDQGVSHHGRIOHDGLQJDQGIROORZLQJYHKLFOHV<DQJHWDO
)LWFKHWDOIRXQGWKDWRXWRIUHDO ODQHFKDQJLQJFRQIOLFWVZHUHIRXQGWREHDFWXDOFUDVKHV
ZKLOH WKH UHVW ZHUH QHDU FUDVKHV /DQH FKDQJLQJ PDQRHXYUHV DUH LPSOHPHQWHG IRU WZR UHDVRQV 
QHFHVVDU\ ODQHFKDQJH GXULQJ PHUJLQJ DQG GLYHUJLQJ DQG  VLPSOH ODQHFKDQJLQJ GXULQJ SDVVLQJ
YHKLFOHVDQGZHDYLQJWKURXJKWUDIILF/DQHFKDQJLQJFUDVKHVUHSUHVHQWHGRIDOOFUDVKHVDQGRI
WKHPKDSSHQHGDZD\IURPLQWHUVHFWLRQVDQGUDPSV)LWFKHWDO&KRYDQHWDO$VRSSRVHG
WR QHFHVVDU\ ODQHFKDQJHV IRUPHUJLQJ DQG GLYHUJLQJ WKHVH FUDVKHV ZHUH DVVRFLDWHGZLWK VLPSOH ODQH
FKDQJLQJPDQRHXYUHV IRU SXUSRVHV RI SDVVLQJ YHKLFOHV 6RPH RI WKH WHFKQRORJLFDO VROXWLRQV WKDW DVVLVW
GULYHUVGXULQJODQHFKDQJLQJKDYHEHHQGLVFXVVHGLQ5XGHUHWDODQG+DEHQLFKWHWDO
,PSDLUHGGULYLQJ LVDOVRDQRWKHUFRPPRQHUURUE\GULYHUV ,Q WKLVSDSHU WKH WHUP µLPSDLUHGGULYHUV¶
UHSUHVHQWVGULYHUVZKRDUHXVXDOO\UHIHUUHGDVVOHHS\H[WUHPHO\WLUHGGURZV\DQGIDWLJXHGLQWKHERG\RI
UHODWHG OLWHUDWXUH6WXG\E\+RUQHDQG5H\QHU IRXQGRXW WKDWSROLFHUHSRUWHG LPSDLUPHQW UHODWHG
FUDVKHVPDGH XS WR RI WKH FUDVKHV RQPRWRUZD\V7KH ILJXUHV DUH XVXDOO\ XQGHUHVWLPDWHG IRU WKH
UHDVRQ WKDW LW LV GLIILFXOW WR XQDPELJXRXVO\ GHWHUPLQH WKH VWDWH RI WKH GULYHU ULJKW EHIRUH WKH DFFLGHQW
KDSSHQHG9LQFHQWHWDO)XUWKHUPRUH+RUQHDQG5H\QHUFRQILUPHGWKDWPDMRULW\RIWKHVHFUDVKHV
KDSSHQHG GXULQJ HDUO\ KRXUV RI WKH PRUQLQJ  WR DP DQG PLGDIWHUQRRQ SHDN KRXUV DURXQG
SP,PSDLUPHQWUHODWHGDFFLGHQWVDUHIDWDOLQQDWXUHDVQRDFWLRQVDUHWDNHQWRDYRLGWKHLPSHQGLQJ
FUDVKHV%URRNKXLV HW DO  DUJXHG WKDW DQ LPSDLUHGGULYHU E\GHILQLWLRQ LV QRW ILW IRU WKH WDVNRI
GULYLQJ DV ³« WKH HQHUJHWLF VWDWH RI WKH GULYHU LV LQDSSURSULDWH RU LQVXIILFLHQW WR VXVWDLQ D VDIH DQG
DFFXUDWH OHYHO RI YHKLFXODU FRQWURO´ DQG WKXV VKRXOG EH UHPRYHG IURP WKH QHWZRUN DQG QRW FRQWLQXH
GULYLQJ 'ULYHU LPSDLUPHQW GHWHFWLRQ WHFKQLTXHV LPSOHPHQW REVHUYDWLRQV RI ODQH GHYLDWLRQV IUHTXHQF\
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DQGPDJQLWXGHRI VWHHULQJZKHHOPLFURFRUUHFWLRQVDQGH\HOLGGHWHFWLQJFDPHUDV%HUJDVDHWDO
5DXFKHWDO-LHWDO6WDQWRQDQG6DOPRQDE
(YHQWKRXJKWKHSHUFHQWDJHRIFUDVKHVPD\GLIIHUIURPFRXQWU\WRFRXQWU\URDGW\SHRUHYHQWKHGDWH
RI WKHVWXGLHV UHIHUUHGDVXPPDU\RQ LPSDFWRIGULYHUHUURUVDQGSRWHQWLDO ,76VROXWLRQV LVSURYLGHG LQ
7DEOHDGDSWHGIURP%DOGRFNHWDO/LXHWDO)LWFKHWDO+RUQHDQG5H\QHU

7DEOH6XPPDU\RIGULYHUHUURUFUDVKSHUFHQWDJHDQG,76GHYLFHIRULWVFRUUHFWLRQ

'ULYHUHUURU &UDVKHUDWLR ,76GHYLFHIRUFRUUHFWLRQ
&ORVHIROORZLQJ  $GDSWLYHFUXLVHFRQWUROEUDNHDVVLVWDQFHFROOLVLRQDYRLGDQFHV\VWHP
6SHHGLQJ  6SHHGOLPLWHUVDGDSWLYHFUXLVHFRQWUROLQWHOOLJHQWVSHHGDGDSWDWLRQ
8EUDSWODQHFKDQJLQJ  /DQHFKDQJLQJDVVLVW$XWRWDNHV\VWHPV
,PSDLUHGGULYLQJ  9LJLODQFHPRQLWRULQJV\VWHPODQHGHSDUWXUH

7RVXPXSGULYHUFRPSHWHQFHDQGOHYHORISHUIRUPDQFHFDQEHLGHQWLILHGLQWKUHHZD\V5DXFKHWDO
 'ULYHU UHODWHGRUGLUHFWPHDVXUHPHQWV 'ULYLQJUHODWHGRU LQGLUHFWPHDVXUHPHQWVDQG
&RPELQDWLRQRIGULYHUDQGGULYLQJUHODWHGPHDVXUHPHQWVGLUHFWDQGLQGLUHFWPHWKRGV'ULYHUUHODWHGRU
GLUHFW SHUIRUPDQFH PHDVXUHPHQWV DUH LPPHGLDWH DVVHVVPHQW RI D GULYHU¶V FRPSHWHQFH E\ XVLQJ LPDJH
SURFHVVLQJFDPHUDV VKRRWLQJ WKHGULYHUDQGPRQLWRULQJKLVKHUGULYLQJVWDWH'ULYLQJ UHODWHGRU LQGLUHFW
SHUIRUPDQFH PHDVXUHPHQW LV D WHFKQLTXH RI GHWHUPLQLQJ WKH OHYHO RI YHKLFXODU FRQWURO RI GULYHUV E\
FRQVLGHULQJ WKH YHKLFOH¶V G\QDPLF SDUDPHWHUV OLNH VSHHG ORQJLWXGLQDO DFFHOHUDWLRQ ODWHUDO SRVLWLRQ
EHWZHHQODQHPDUNLQJVDQGVWHHULQJZKHHOPRYHPHQWV+RZHYHUWKHFRPELQDWLRQRIGLUHFWDQGLQGLUHFW
PHDVXUHPHQWVLV WKHJROGVWDQGIRUDFFHVVLQJWKHFRPSHWHQFHDQGSHUIRUPDQFHRIGULYHUV1RZDGD\V LW
FDQ EH VDLG WKDW ,76 GHYLFHV IRU PRQLWRULQJ GULYHU FRPSHWHQFH DQG OHYHO RI SHUIRUPDQFH DUH PDWXUH
HQRXJK DQG SHUKDSV UHDG\ IRU GHSOR\PHQW 7KH WHFKQRORJ\ KDV SURYHQ WR FRUUHFWO\ HVWLPDWH GULYLQJ
SHUIRUPDQFHV LQDQRQLQWUXVLYHPDQQHU+RZHYHU WKHVH WHFKQRORJLHV IDFHDQXPEHURIGLIILFXOWLHV WKDW
SRVVLEO\KLQGHURUDWOHDVWGHOD\WKHLUZLGHGHSOR\PHQW)RUH[DPSOH+HLMGHQDQG:HHVDUJXHWKDW
DGYDQFHGGULYHUDVVLVWDQFHV\VWHPIDFHVWHFKQLFDODQGQRQWHFKQLFDOFRPSOH[LWLHVLQZKLFKWKHIRUPHULV
UHODWHGWRIXQFWLRQDOUHOLDELOLW\ZKLOHWKHODWHULVUHODWHGWRSROLF\RIXVHLQWHUPVRIOHJDODQGLQVWLWXWLRQDO
LVVXHV%HVLGHVVRPHUHVHDUFKHUVHJ/HYHVRQDUJXHGWKDWEHLQJDXWRPDWHGDQGWHFKQRORJLFDOO\
DGYDQFHGGRHVQRWQHFHVVDULO\PHDQVDIHU7KLVFDQHDVLO\EHMXVWLILHGE\WKHXQUHDVRQDEOHOHYHORIWUXVW
DQGPLVXVHRI,76GHYLFHVOLNHDGDSWLYHFUXLVHFRQWURO$&&DQGDQWLORFNEUDNLQJV\VWHP$%6
 6DIHW\HYDOXDWLRQVIURPPLFURVFRSLFWUDIILFVLPXODWLRQDQGVXUURJDWHPHDVXUHV
6DIHW\ HYDOXDWLRQV RI DOWHUQDWH WUDIILF PDQDJHPHQW VWUDWHJLHV KDYH EHHQ FKDOOHQJLQJ WDVN IRU WUDIILF
HQJLQHHUVDQGVHYHUDOPRGHOVKDYHEHHQGHYHORSLQJWRDGGUHVVWKHLVVXH$FFRUGLQJWR*HWWPDQDQG+HDG
PDMRULW\RIWKHVHPRGHOVZRUNEDVHGRQKLVWRULFDOFUDVKLQIRUPDWLRQZKLFKUHTXLUHV\HDUVRIFUDVK
GDWDIRUVWDWLVWLFDOVLJQLILFDQFH,QRWKHUZRUGVZHKDYHWRZDLWFUDVKHVWRKDSSHQWRHYDOXDWHWKHVDIHW\RI
WKH IDFLOLW\ 7KLV PDNHV WKH PRGHOV SUDFWLFDOO\ XVHOHVV WR HVWLPDWH WKH VDIHW\ SHUIRUPDQFH RI D
PDQDJHPHQWVWUDWHJ\ZKLFKLVQRW\HWGHSOR\HG7KHFRVWDFFXUDF\DQGFUHGLELOLW\RIWKHVHPRGHOVLVDOVR
RIJUHDWFRQFHUQ2]ED\HWDO*HWWPDQDQG+HDG*HWWPDQHWDO
7R RYHUFRPH WKH DIRUHPHQWLRQHG VKRUWFRPLQJV RI VDIHW\ HYDOXDWLRQV IRU PDQDJHPHQW VWUDWHJLHV
VHYHUDO DXWKRUV SURSRVHG WKH XVH RI PLFURVFRSLF WUDIILF VLPXODWLRQ DQG DQDO\VLV RI FRQIOLFWV EHWZHHQ
YHKLFOHVDVVXUURJDWHPHDVXUHIRUVDIHW\2]ED\HWDO$UFKHUDQG.RVRQHQ0LQGHUKRXGDQG
%RY\ *HWWPDQ HW DO  7KH QRWLRQ RI WKHVH DXWKRUV LV WKDW VLPXODWHG YHKLFOH FRQIOLFWV DUH
FRUUHODWHGZLWKDFWXDOFUDVKHV0LFURVFRSLFWUDIILFVLPXODWLRQSURYLGHVWRWUDIILFHQJLQHHULQJSUDFWLWLRQHUV
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ZLWKDFRVWHIIHFWLYHPHDQVRIFRPSDULVRQIRUVDIHW\DQGHIILFLHQF\EHWZHHQVHYHUDOGHVLJQVRIDIDFLOLW\
RUDOWHUQDWLYHVWUDIILFPDQDJHPHQWVWUDWHJLHV/RZQHVDQG0DFKHPHKO7KHVSHHGDQGDFFHOHUDWLRQ
RIHYHU\YHKLFOHLQWLPHDQGVSDFHFDQEHREWDLQHGIURPWKHRXWSXWRIVLPXODWLRQSODWIRUPVDQGYHKLFOHV
WUDMHFWRULHV FDQ HDVLO\ EH XVHG WR GHWHUPLQH SRVVLEOH FRQIOLFWV EHWZHHQ VLPXODWHG YHKLFOHV )+:$
UHOHDVHG 6XUURJDWH 6DIHW\ $VVHVVPHQW0RGHO 66$0 SDFNDJH IRU VDIHW\ HYDOXDWLRQ RI D IDFLOLW\ RU D
WUDIILFPDQDJHPHQWVWUDWHJ\XVLQJDQRXWSXWRIYHKLFOH WUDMHFWRULHV IURPPLFURVFRSLF WUDIILFVLPXODWLRQV
E\ GHWHFWLQJ FRQIOLFWV EHWZHHQ YHKLFOHV 66$0 DQDO\]HV WKH YHKLFOHWRYHKLFOH LQWHUDFWLRQV DQG
FDWHJRUL]HV WKH FRQIOLFWV LQ WHUPV RI FURVVLQJ UHDUHQG RU ODQHFKDQJLQJ FRQIOLFWV 7KH QXPEHU DQG
QDWXUHVRIYHKLFOHFRQIOLFWVDUHXVHGDVVXUURJDWHV IRUVDIHW\7KHXVHRI66$0KDVEHHQYDOLGDWHGDQG
FRUUHODWLRQ EHWZHHQ VLPXODWHG YHKLFOH FRQIOLFWV DQG DFWXDO FUDVKHV KDV EHHQ GHPRQVWUDWHG E\ VHYHUDO
DXWKRUV*HWWPDQDQG+HDGDQG*HWWPDQHWDOGHYHORSHGDPDWKHPDWLFDOHTXDWLRQIRU
SUHGLFWLQJ H[SHFWHG QXPEHU RI&UDVKHV SHU <HDU EDVHG RQ66$0&RQIOLFWV SHU+RXUZLWK FRUUHODWLRQ
LQGH[ 5VTXDUHRIDWFRQILGHQFH%HVLGHV1H]DPXGGLQHW DO DQG+DEWHPLFKDHODQG
6DQWRVKDYHXVHG66$0WRHYDOXDWHVDIHW\EHQHILWVRIDFWLYHWUDIILFPDQDJHPHQWRQPRWRUZD\V
&UDVKHVSHU<HDU &RQIOLFWVSHU+RXU 
1RWHWKDWHTXDWLRQSURYLGHVQXPEHURIH[SHFWHGFUDVKHVRIDIDFLOLW\LQD\HDUDQG
WKHQXPEHURIFRQIOLFWVIURP66$0KDVWREHUHGXFHGWRDQDYHUDJHYDOXHRIRQHKRXU
 0HWKRGRORJ\
$NP VWUHWFKRI*HUPDQPRWRUZD\DURXQG)UDQNIXUWZLWK+*9SURSRUWLRQRI  LVPRGHOOHG LQ
9,66,0 XVLQJ ILYH YHKLFOH FODVVHV ZKLFK UHSUHVHQW DQ RYHUDOO RI JRRG SHUIRUPLQJ GULYHUV DQG SRRU
SHUIRUPLQJGULYHUVLHGULYHUVZLWKGULYLQJHUURUVRIVSHHGLQJFORVHIROORZLQJDEUXSWODQHFKDQJLQJDQG
LPSDLUHGGULYLQJ,QWKLVZRUNRIYHKLFOHVDUHPDGHWREHGULYHQE\JRRGSHUIRUPLQJGULYHUVDQGWKH
UHVWE\GULYHUVRISRRUGULYLQJSHUIRUPDQFHLHHYHU\FDWHJRU\RISRRUSHUIRUPLQJGULYHUVVKDUH
HDFK6LPXODWLRQVXQGHUYDULRXV WUDIILFFRQGLWLRQVDUHFRQGXFWHGQDPHO\FRQJHVWHGQRQFRQJHVWHGDQG
OLJKW WUDIILF FRQGLWLRQV +RZHYHU GULYHU HUURUV DUH PRVW FRPPRQO\ SUDFWLFHG GXULQJ FRQJHVWHG WUDIILF
FRQGLWLRQVDQGWKHLULPSDFWLVKLJKO\VHYHUH6DUNDUHWDO+RUQHDQG5H\QHU7RUHIOHFWWKH
VWRFKDVWLF QDWXUHRIPRWRUZD\ WUDIILF  VLPXODWLRQ UXQVRI WKHGLVDJJUHJDWHG DQGGULYHUSHUIRUPDQFH
UHVSRQVLYH WUDIILFPDQDJHPHQWPRGHOVZHUHFRPSDUHGDJDLQVWVLPXODWLRQUXQVRI WKHEDVHPRGHOE\
FKDQJLQJWKHUDQGRPVHHGVLPXODWLRQRI9,66,0$OOVLPXODWLRQVZHUHFDUULHGRXWDWWKHILQHVWVLPXODWLRQ
UHVROXWLRQRIVLPXODWLRQVWHSVSHUVHFRQG
&DOLEUDWLRQDQGYDOLGDWLRQRIEDVHPRGHODQGVLPXODWLQJJRRGDQGSRRUSHUIRUPLQJGULYHUV
9,66,0SURYLGHVD VHWRIDGMXVWDEOHSDUDPHWHUV WKDWGHWHUPLQH WKHGULYLQJEHKDYLRXURIDSDUWLFXODU
YHKLFOHFODVV ,Q WKH ILUVWSODFH WKHEDVHPRGHO LVFDOLEUDWHGE\ ILQH WXQLQJ9,66,0¶VGULYHUEHKDYLRXU
SDUDPHWHUV DQG WUDIILF YROXPH LQSXWV VR WKDW LW UHSUHVHQWV WKH UHDO DQG GD\WRGD\ RSHUDWLRQV RI WKH
PRWRUZD\ VWUHWFK &KLWWXUL DQG %HQHNRKDO  0HQQHQL HW DO  $YHUDJH VSHHGV DQG YHKLFOH
FRXQWV IURP WKH VLPXODWLRQ RXWSXW DQG UHDO ZRUOG PHDVXUHPHQWV IURP ORRS GHWHFWRUV SODFHG DW WKUHH
GLIIHUHQW ORFDWLRQVRQ WKHPRWRUZD\ZHUHXVHG IRU FDOLEUDWLRQ DQGYDOLGDWLRQSXUSRVHV7R HQKDQFH WKH
SUHFLVLRQRIWKHFDOLEUDWLRQSURFHVVWKHDYHUDJHVSHHGVDQGWUDIILFFRXQWVZHUHFRQWUDVWHGDWDJJUHJDWLRQ
LQWHUYDORIPLQXWHV$PRGLILHGFKLVTXDUHVWDWLVWLFVFRPPRQO\DSSOLHGLQWUDIILFHQJLQHHULQJSXUSRVHV
DQGNQRZQDV*HRIIUH\(+HDYHUV *(+VWDWLVWLFKDVEHHQHPSOR\HG WRFRPSDUH WKH ILWQHVVEHWZHHQ
WKHVLPXODWHGDQGREVHUYHGDYHUDJHVSHHGVDQGYHKLFOHFRXQWV7KHDGYDQWDJHRI*(+LVWKDWLWFRPSULVHV
ERWK WKH UHODWLYH DQG DEVROXWHGLIIHUHQFHVEHWZHHQ WKH VLPXODWHG DQGREVHUYHGGDWD VHWV IRU FDOLEUDWLRQ
+ROPHWDO1H]DPXGGLQHWDO$OOWKHGDWDVHWVIRUEDVHPRGHOFDOLEUDWLRQKDG*(+YDOXHV
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OHVVWKDQZKLFKLVFRQVLGHUHGWREHDYHU\JRRGILW*(+YDOXHVOHVVWKDQLVDJRRGILW*(+YDOXHV
EHWZHHQDQGUHTXLUHVIXUWKHULQYHVWLJDWLRQZKLOH*(+YDOXHVDERYHLVFRQVLGHUHGWREHDEDGILW
7KH SHUIRUPDQFH RI WKH EDVH PRGHO ZDV DOVR YDOLGDWHG DJDLQVW DQ REVHUYHG GDWD LQGHSHQGHQW RI WKH
FDOLEUDWLRQGDWDVHW
 *(+ >VLPXODWHGREVHUYHGVLPXODWHGREVHUYHG@ 

2Q WKH RWKHU KDQG PRGHOOLQJ LOOSHUIRUPLQJ GULYHUV LV GRQH E\ FKDQJLQJ WKH YDOXHV RI WKH PRVW
GHFLVLYHSDUDPHWHUV WKDW UHIOHFW WKHFRPPRQO\SUDFWLFHGHUURUVZKLOH WKH UHVWRI WKHSDUDPHWHUVDUH OHIW
XQDOWHUHG IURP WKH FDOLEUDWHG YDOXHV 7DEOH  SURYLGHV WKH FRPSDULVRQ RI 9,66,0¶V GULYHU EHKDYLRXU
SDUDPHWHUV IRUJRRGDQGSRRUSHUIRUPLQJGULYHUV)RUFRPSUHKHQVLYHXQGHUVWDQGLQJRQ WKHPHDQLQJRI
9,66,0¶V GULYHU EHKDYLRXU SDUDPHWHUV WKHLU VHQVLWLYLW\ DQDO\VLV DQG ZD\V RI FDOLEUDWLQJ D VLPXODWLRQ
PRGHOLQ9,66,0VHH/RZQHVDQG0DFKHPHKODE3DUNDQG6FKQHHEHUJHU+ROPHW
DODQG3797KHZRUNVRI/RZQHVDQG0DFKHPHKODKDVEHHQXVHGDVDJXLGHIRU
PRGLI\LQJVRPHRIWKHGULYHUEHKDYLRXUSDUDPHWHUVLQWKLVUHVHDUFKKRZHYHUWKHLUZRUNVZDVDLPHGDW
VHQVLWLYLW\DQDO\VLVRIWKHSDUDPHWHUVIRUGHWHUPLQLQJDQ\FKDQJHVRQPRWRUZD\IORZFDSDFLW\

7DEOH0RGLILHGDQGFDOLEUDWHGYDOXHVRIGULYHUSDUDPHWHUVIRUSRRUDQGJRRGSHUIRUPLQJGULYHUV

'ULYHU
(UURU
9,66,0GULYHUEHKDYLRXU
SDUDPHWHUV
'HIDXOW
YDOXH
0RGLILHGYDOXHIRUSRRU
SHUIRUPLQJGULYHUV
&DOLEUDWHGYDOXHIRUJRRG
SHUIRUPLQJGULYHUV
&ORVH
IROORZLQJ
6WDQGVWLOO'LVWDQFH&& P P P
+HDGZD\7LPH&& VHF VHF VHF
7KUHVKROGIRUHQWHULQJ

)ROORZLQJ
&&   
6SHHGLQJ
'HVLUHG6SHHG'LVWULEXWLRQ  PLQNPK	PD[NPK PLQNPK	PD[NPK
2VFLOODWLRQDFFHOHUDWLRQ&& PVHF PVHF PVHF
$FFHOHUDWLRQDWNPK&& PVHF PV PVHF
$EUXSW
ODQH
FKDQJLQJ
0D[ORRNEDFNGLVWDQFH P P P
6DIHW\GLVWDQFHUHGXFWLRQIDFWRU   
0D[LPXPGHFHOHUDWLRQ PVHF PVHF PVHF
$FFHSWHGGHFHOHUDWLRQ PVHF PVHF PVHF
,PSDLUHG
GULYLQJ
0D[ORRNDKHDGGLVWDQFH P P P
0D[ORRNEDFNGLVWDQFH P P P
'XUDWLRQRIOXFNRIDWWHQWLRQ  VHF 

'HVFULSWLRQRI WKHGULYHUEHKDYLRXUSDUDPHWHUVKDYHEHHQSUHVHQWHG LQ379DQG WKHSDUDPHWHUV
UHOHYDQWWRWKLVUHVHDUFKZRUNLQFOXGH
x 6WDQGVWLOOGLVWDQFH&&GHILQHVWKHGHVLUHGGLVWDQFHEHWZHHQVWRSSHGFDUV
x +HDGZD\WLPH&&LVWKHWLPHLQVHFWKDWDGULYHUZDQWVWRNHHS
x 7KUHVKROGIRUHQWHULQJµ)ROORZLQJ¶&&FRQWUROVWKHVWDUWRIWKHGHFHOHUDWLRQSURFHVVLH
ZKHQDGULYHUUHFRJQL]HVDSUHFHGLQJVORZHUYHKLFOH
x 2VFLOODWLRQDFFHOHUDWLRQ&&$FWXDODFFHOHUDWLRQGXULQJWKHRVFLOODWLRQSURFHVV
x $FFHOHUDWLRQDWNPK&&'HVLUHGDFFHOHUDWLRQDWNPK
x 'HVLUHG6SHHG'LVWULEXWLRQLVWKHVSHHGDGULYHUZDQWVWRNHHSLQIUHHIORZFRQGLWLRQV
x /RRNDKHDGGLVWDQFHGHILQHVWKHGLVWDQFHWKDWDYHKLFOHFDQVHHIRUZDUGLQRUGHUWRUHDFWWR
RWKHUYHKLFOHVHLWKHULQIURQWRUWRWKHVLGHRILW
x /RRNEDFNGLVWDQFHGHILQHVWKHGLVWDQFHWKDWDYHKLFOHFDQVHHEDFNZDUGVLQRUGHUWRUHDFW
WRRWKHUYHKLFOHVEHKLQG
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x 7HPSRUDU\ ODFN RI DWWHQWLRQ9HKLFOHV ZLOO QRW UHDFW WR D SUHFHGLQJ YHKLFOH H[FHSW IRU
HPHUJHQF\EUDNLQJIRUDVSHFLILHGDPRXQWRIWLPH
x 6DIHW\ GLVWDQFH UHGXFWLRQ IDFWRU LV WKH IDFWRU IRU UHGXFLQJ WKH VDIHW\ GLVWDQFH GXULQJ
FKDQJLQJODQHV$IWHUWKHODQHFKDQJHWKHRULJLQDOVDIHW\GLVWDQFHLVFRQVLGHUHGDJDLQ

$SSOLFDWLRQRIWKHGLVDJJUHJDWHGWUDIILFPDQDJHPHQWVWUDWHJLHV
,Q WKLVZRUN GHWHFWLRQ DQG FRUUHFWLRQRI GULYHU HUURUV XVLQJ WKH DIRUHPHQWLRQHG ,76GHYLFHV LV SUH
DVVXPHG $FFRUGLQJO\ DSSOLFDWLRQ RI WKH GLVDJJUHJDWHG WUDIILF PDQDJHPHQW LV LPSOHPHQWHG LQ VHYHUDO
ZD\VLQUHVSRQVHWRWKHUHSHDWHGHUURUVDQLQGLYLGXDOGULYHUPDNHV7KLVLQFOXGHVPDQGDWRU\XVHRIVSHHG
OLPLWHUVIRUVSHHGLQJGULYHUVDGDSWLYHFUXLVHFRQWUROIRUFORVHIROORZLQJGULYHUVODQHFKDQJLQJDVVLVWDQFH
V\VWHPV IRU DEUXSW ODQHFKDQJLQJ GULYHUV DQG GURZVLQHVV GHWHFWLRQ IRU LPSDLUHG GULYHUV )RU VSHHGLQJ
GULYHUV WKHLU FUXLVLQJ VSHHG LV OLPLWHG XVLQJ HLWKHU VSHHG OLPLWHUV RU VSHHG FRQWURO V\VWHPV VR GULYHUV
ZRXOGQRW GULYH WRR IDVW IRU FRQGLWLRQVRU RYHU WKH OHJDO VSHHG OLPLW)RU FORVH IROORZLQJGULYHUV WKHLU
IROORZLQJ WLPH KHDGZD\ GLVWDQFH LV FRQWLQXRXVO\ PRQLWRUHG DQG PDLQWDLQHG QRW WR EH OHVV WKDQ WKH
SUHVHW VDIH YDOXH XVLQJ DGDSWLYH FUXLVH FRQWURO0DQDJHPHQW RI GULYHUV ZKR FKDQJH ODQHV DEUXSWO\ LV
SHUIRUPHG E\ UHVWULFWLQJ WKHLU ODQH FKDQJLQJ IUHHGRP H[FHSW IRU WKRVH QHFHVVDU\ ODQH FKDQJLQJ
PDQRHXYUHVDQGDOVRUHVWULFWHGWKHXVHRIIDVWODQHVVRWKDWWKH\FDQVDIHO\PDNHLWWRWKHHQWU\DQGH[LW
UDPSV)LQDOO\LPSDLUHGGULYHUVDUHIRUFHGWRVWRSGULYLQJDQGWKXVUHPRYHGIURPWKHPRWRUZD\EDQQHG
IURPGULYLQJ
$VVHVVPHQWRIVDIHW\XVLQJ66$0
6DIHW\ DVVHVVPHQW LV GRQH E\ DQDO\VLV RI FRQIOLFWV EHWZHHQ YHKLFOHV 66$0 XVLQJ VXUURJDWH VDIHW\
PHDVXUHVRIFRQIOLFWDQJOHPLQLPXPWLPHWRFROOLVLRQ77&PLQLPXPSRVWHQFURDFKPHQWWLPH3(7
LQLWLDOGHFHOHUDWLRQ UDWH '5PD[LPXPGHFHOHUDWLRQ UDWH 0D['PD[LPXPVSHHG 0D[6PD[LPXP
VSHHGGLIIHUHQWLDO'HOWD6DQGYHKLFOHYHORFLW\FKDQJHKDGWKHHYHQWSURFHHGHGWRDFUDVK0D[¨9
7KHVHPHDVXUHVDUHKHOSIXOWRGHWHUPLQHERWKWKHSUREDELOLW\DQGVHYHULW\RIWKHUHVXOWLQJFUDVKHVIRUWKH
GHWHFWHG FRQIOLFWV 6XUURJDWH PHDVXUHV OLNH 77& DQG 3(7 DUH SUHFXUVRUV IRU FUDVK SUREDELOLW\ ZKLOH
PHDVXUHVOLNH0D[6'HOWD6'5DQG0D[¨9DUHIRUFUDVKVHYHULW\*HWWPDQDQG+HDG*HWWPDQHW
DO'HSHQGLQJRQFRQIOLFW DQJOH WKHGHWHFWHGFRQIOLFWVDUH IXUWKHUFODVVLILHG LQWR UHDUHQG ODQH
FKDQJLQJDQGFURVVLQJFRQIOLFWVDVGHVFULEHGLQ)LJXUH+\SRWKHWLFDOFUDVKHVRI77& DQGORZVSHHG
FUDVKHVRI0D[6PVHFNPKUDUHILOWHUHGRXWIRUIDLUH[DPLQDWLRQRIUHGXFWLRQLQFRQIOLFWVIURP
WKHDGDSWHGPDQDJHPHQWVWUDWHJ\7KHIRUPHULVEHFDXVHRIYHKLFOHRYHUODSVZKLFKDUHEDVLFDOO\GXHWR
LQDFFXUDFLHVLQVLPXODWLRQSODWIRUPDQGWKHODWHULVEHFDXVHORZVSHHGFUDVKHVDUHXQOLNHO\WRKDSSHQRQ
PRWRUZD\VZKLFKDUHPHDQWIRUKLJKPRELOLW\6WXGHQW¶V WWHVWDQDO\VLVRIEHIRUHDIWHUFRQILGHQFH
LQWHUYDO LVFRQGXFWHGIRUGHWHUPLQLQJWKHVWDWLVWLFDOVLJQLILFDQFHRIWKHLQFUHDVHLQVDIHW\DQGHIILFLHQF\
RQPRWRUZD\VIURPWKHDSSOLHGPDQDJHPHQWVWUDWHJ\
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
)LJ&RQIOLFWDQJOHEDVHGFODVVLILFDWLRQRIFRQIOLFWVDGRSWHGIURP66$0VRIWZDUHLQWHUIDFH

 5HVXOWVDQG'LVFXVVLRQV
6DIHW\EHQHILWVRIWKHGLVDJJUHJDWHGWUDIILFPDQDJHPHQWVWUDWHJ\
7DEOH  VKRZV FRPSDULVRQ RQ WKH QXPEHU RI FODVVLILHG FRQIOLFWV EHWZHHQ WKH EDVH PRGHO DQG WKH
DSSOLHGPDQDJHPHQWVWUDWHJ\IRUVLPXODWLRQGXUDWLRQRIRQHKRXUGXULQJFRQJHVWHGWUDIILFFRQGLWLRQV7KH
DSSOLHGPDQDJHPHQW VWUDWHJ\ UHVXOWHG LQWRDEHWWHU VDIHW\FRQGLWLRQV5HDUHQG ODQHFKDQJLQJDQG WRWDO
YHKLFOHFRQIOLFWVZHUHUHGXFHGE\DQGUHVSHFWLYHO\,QIDFWXVLQJHTXDWLRQRIFRXUVH
DOO WKH FRQVWUDLQV IRU LWV XVH LW FDQEHXQGHUVWRRG WKDW D UHGXFWLRQRI  LQ WKH &RQIOLFWV SHU+RXU
LPSOLHVDUHGXFWLRQRIDERXWLQWKHH[SHFWHGQXPEHURI&UDVKHVSHU<HDU $OO WKHUHGXFWLRQVLQ
YHKLFOH FRQIOLFWV GXH WR WKH DGRSWHG PDQDJHPHQW VWUDWHJ\ ZHUH IRXQG WR EH VWDWLVWLFDOO\ VLJQLILFDQW
6LPLODUO\ VLPXODWLRQ WHVWV GXULQJ QRQFRQJHVWHG WUDIILF FRQGLWLRQV UHVXOWHG LQWR UHGXFWLRQ RI UHDUHQG
ODQHFKDQJLQJDQGWRWDOYHKLFOHFRQIOLFWVE\DQGUHVSHFWLYHO\DQGWKHUHGXFWLRQLQWRWDO
FRQIOLFWVZDVIRXQGWREHVWDWLVWLFDOO\VLJQLILFDQW/LNHZLVHVLPXODWLRQWHVWVGXULQJOLJKWWUDIILFFRQGLWLRQV
UHVXOWHG LQWR UHGXFWLRQ RI UHDUHQG ODQH FKDQJLQJ DQG WRWDO YHKLFOH FRQIOLFWV E\   DQG 
UHVSHFWLYHO\+RZHYHUWKHUHVXOWVIRUOLJKWWUDIILFFRQGLWLRQVZHUHIRXQGWRVWDWLVWLFDOO\LQVLJQLILFDQWGXH
WRIHZYHKLFOHFRQIOLFWVDVYHKLFOHVZHUHGLVWULEXWHGIDUDSDUW
,WKDVWREHQRWHGWKDWWKHILJXUHVUHSUHVHQWRQO\FRQIOLFWVEHWZHHQWZRYHKLFOHV0XOWLYHKLFOHFUDVKHV
DQG VLQJOH YHKLFOH FUDVKHV OLNH UROOLQJRYHU FROOLVLRQ ZLWK PRWRUZD\ VLGH UDLOV DQG UXQQLQJ RII WKH
URDGZD\FDQ¶WEHFDSWXUHGLQWKHDQDO\VLVZLWK66$07KLVFRQFHSWLVFRQVLGHUHGWREHWKHGUDZEDFNRI
66$0 KRZHYHU VLQJOH DQG PXOWLYHKLFOH FUDVKHV FRPSULVH UHODWLYHO\ IHZHU SURSRUWLRQ RI DFFLGHQW
*HWWPDQ DQG +HDG  %HVLGHV PDMRULW\ RI WKH LQGLFDWRUV IRU ULVN DQG VHYHULW\ RI WKH GHWHFWHG
FRQIOLFWV EHWZHHQ WKH EDVH PRGHO DQG WKH GULYHUSHUIRUPDQFHUHVSRQVLYH WUDIILF PDQDJHPHQW VWUDWHJ\
ZHUH IRXQG WR EH UDWKHU LQFRQFOXVLYH 7KLV LV EHFDXVH RI WKH IDFW WKDW RQO\ VPDOO SHUFHQWDJH RI LOO
SHUIRUPLQJGULYHUVKDVEHHQFRQVLGHUHGLQWKHUHVHDUFKZRUN,QWDEOHVDQG LWKDVWREHQRWHG
WKDWWKHXQLWVIRUWKHQXPEHURIFRQIOLFWVDUHSHURQHVLPXODWLRQKRXURINPPRWRUZD\VWUHWFK

7DEOH66$0YHKLFOHFRQIOLFWVFRPSDULVRQVEHWZHHQEDVHPRGHODQGWKHDSSOLHGPDQDJHPHQWVWUDWHJ\GXULQJFRQJHVWHGWUDIILF
FRQGLWLRQV

&RQIOLFW
7\SHV
0HDQ
PDQDJHG
9DULDQFH
PDQDJHG
5HSOLFDWLRQV
PDQDJHG
0HDQ
%DVH
PRGHO
9DULDQFH
%DVH
PRGHO
5HSOLFDWLRQV
%DVHPRGHO WYDOXH WFULWLFDO 6LJQLILFDQW
0HDQ
5HGXFWLRQ
3HUFHQWDJH
5HGXFWLRQ
5HDUHQG         <(6  
/DQH
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7RXQGHUVWDQG WKH LPSDFWRI WKHDSSOLHGPDQDJHPHQW VWUDWHJ\ IRUHDFKGULYHUHUURU VLPXODWLRQ UXQV
ZHUHFRQGXFWHGE\PDQDJLQJRQO\RQHRIWKHGULYHUHUURUVZKLOHWKHRWKHUWKUHHZHUHOHIWXQPDQDJHGLH
PDQDJLQJRQO\RQH HUURU DW D WLPH HLWKHU VSHHGLQJ FORVH IROORZLQJ DEUXSW ODQH FKDQJLQJRU LPSDLUHG
GULYLQJ7DEOHVKRZVFRPSDULVRQRQWKHUHGXFWLRQLQYHKLFOHFRQIOLFWVEHWZHHQWKHEDVHPRGHODQGWKH
LQGLYLGXDOO\ PDQDJHG HUURUV GXULQJ FRQJHVWHG WUDIILF FRQGLWLRQV 5HGXFWLRQ LQ WRWDO YHKLFOH FRQIOLFWV
DFFRXQWHG PLQLPXP RI  DQG PD[LPXP RI  DQG DOO ZHUH IRXQG WR EH VWDWLVWLFDOO\ VLJQLILFDQW
&DWHJRUL]LQJWKHWRWDOFRQIOLFW LQWRUHDUHQGDQGODQHFKDQJHFROOLVLRQVVKRZHGDUHGXFWLRQRIPLQLPXP
DQGPD[LPXP+RZHYHULWKDVWREHNHSWLQPLQGWKDWHYHQWKRXJKVRPHRIWKHFKDQJHVDUHQRW
VWDWLVWLFDOO\VLJQLILFDQWLWGRHVQRWPHDQWKDWWKHUHZHUHQRVDIHW\EHQHILWV
)URP 7DEOH  LW ZDV IRXQG WKDW VSHHGLQJ ZDV VLJQLILFDQWO\ UHODWHG WR UHDUHQG DQG ODQHFKDQJLQJ
FRQIOLFWVZKLFKLPSOLHVVSHHGLQJGULYHUVUHTXLUHDVVLVWDQFHERWKLQWKHORQJLWXGLQDODQGODWHUDOGLUHFWLRQV
$V H[SHFWHG DEUXSW ODQHFKDQJLQJ E\ GULYHUVZDV VWURQJO\ FRUUHODWHG WR ODQHFKDQJH YHKLFOH FRQIOLFWV
ZKHUHDVFORVHIROORZLQJDQGLPSDLUHGGULYLQJZHUHFRUUHODWHGWRRQO\UHDUHQGFRQIOLFWV

7DEOH&RPSDULVRQVRI66$0PHDVXUHVEHWZHHQEDVHPRGHODQGLQGLYLGXDOO\PDQDJHGHUURUVXQGHUFRQJHVWHG
WUDIILFFRQGLWLRQV

0DQDJHG
GULYHU
HUURU
&RQIOLFW
7\SHV
0HDQ
PDQDJHG
9DULDQFH
PDQDJHG
5HSOLFDWLRQV
PDQDJHG
0HDQ
%DVH
PRGHO
9DULDQFH
%DVH
PRGHO
5HSOLFDWLRQV
%DVH
PRGHO
WYDOXH WFULWLFDO 6LJQLILFDQW 0HDQ5HGXFWLRQ
3HUFHQWDJH
5HGXFWLRQ
&ORVH
IROORZLQJ
5HDUHQG         <(6  
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ODQH
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
2SHUDWLRQDOEHQHILWVRIWKHGLVDJJUHJDWHGWUDIILFPDQDJHPHQWVWUDWHJ\
,QUHJDUG WREHQHILWVRI WKHV\VWHPRQPRWRUZD\ WUDIILFRSHUDWLRQV WKHUHZDVVOLJKW VDYLQJV LI WUDYHO
WLPH LVGLUHFWO\FRQVLGHUHG+RZHYHU WKHVHEHQHILWVZHUH IRXQG WREH VWDWLVWLFDOO\ LQVLJQLILFDQW7KLV LV
EHFDXVHRIWKHVWRFKDVWLFQDWXUHRIWKHPRGHOLQFUHDVHVWKHYDULDQFHRIWKHUHVXOWVZKLFKDGYHUVHO\DIIHFWV
WKH VWDWLVWLFDO HYDOXDWLRQRI VLJQLILFDQFH LQ WKH FKDQJHV1HYHUWKHOHVV WKH DSSOLHGPDQDJHPHQW VWUDWHJ\
ZLOO FHUWDLQO\ LPSURYH PRWRUZD\ WUDIILF RSHUDWLRQV LQ WHUPV RI VPRRWKQHVV LQ WUDIILF IORZ LQFUHDVH LQ
VDIHW\ DQG UHGXFWLRQ LQ QRQUHFXUULQJ FRQJHVWLRQ SURYRNHG E\ LQFLGHQWV ZKLFK FRXOG HDVLO\ DPRXQW WR
PRUHRIWRWDOFRQJHVWLRQRQPRWRUZD\V,QIDFWDIWHU WKHFRPSXWDWLRQRI WKHUHGXFWLRQLQWKHWRWDO
QXPEHU RI FRQIOLFWV LW KDV EHHQ IRXQG D UHGXFWLRQ RI  LQ WKH H[SHFWHG QXPEHU RI &UDVKHV SHU
<HDUDQGWKLVFRXOGEHUHJDUGHGDVPDMRUDFKLHYHPHQWERWKLQVDIHW\DQGRSHUDWLRQRIPRWRUZD\WUDIILF
7KLVVKRZV WKDWD WUHQGRIFRXUVHIRUFHUWDLQFRQGLWLRQV WKDWDOORZIRUD UHDVRQDEOH LQIHUHQFH WKDW LW LV
ZRUWK\WU\WRDYRLGWKHFRQIOLFWVLQGXFHGE\LOOSHUIRUPLQJGULYHUV

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 &RQFOXVLRQ
7KLV VWXG\ KDV H[DPLQHG WKH FRPPRQGULYHU HUURUV RQPRWRUZD\V UHYLHZHG WKHLU LPSDFW RQ VDIHW\
DQG DFFHVVHG WHFKQRORJLFDO ,76 GHYLFHV IRU WKHLU GHWHFWLRQ DQG FRUUHFWLRQ $ GULYHUSHUIRUPDQFH
UHVSRQVLYH WUDIILF PDQDJHPHQW LV SURSRVHG DQG VLPXODWLRQ EDVHG DQDO\VLV RI LWV SRWHQWLDO EHQHILWV RQ
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